lntruduction
Neural tissues, derived from the ectoblast, become segregated from the surface ectoderm during neurulation. This involves a complex series of inductions giving rise to the neural plate. The neural plate is formed by a thickened epithelium which rapidly folds up into a groove and then a tube by fusion of its dorsal borders. This process has been called primary neurulation (see Schoenwolf and Smith, 1990 for a review). In birds and mammals, this phase ends up when the posterior ral tube (Schumacher, 1927; Criley 1969; Schoenwolf, 1979b) . When cavitation is achieved, the secondary neural tube is morphologically similar to the primary one and the limit between the two types of neurulation progressively vanishes. In avian embryos, primary and secondary neurulations overlap transiently in the region of the posterior neuropore where the primary neural tube is located dorsally to the forming-secondary neural tube. The length of this overlap zone has been evaluated by Criley (1969) to reach 192 to 280 km in 19-to 20-somite chick embryos and it is located at the level of the upper lumbar spinal cord. Thus, the tail bud generates not only the tail, but all the tissues located beyond the level of the 27th somite (Holmdahl, 1925; Criley, 1969; Gaertner, 1949; Schoenwolf, 1977; Schoenwolf, 1978; Schoenwolf, 1979b; Schoenwolf and Delongo, 1980; Costanzo et al., 1982) hence the name of 'bourgeon tronco caudal' given by Pasteels (1937) to this structure. Holmdahl (1925 Holmdahl ( , 1939 distinguished two successive phases in the formation of the body and he considered the tail bud as a homogeneous mass of undifferentiated and pluripotent cells, i.e. a blastema, whose cells have the capacity to differentiate into several kinds of derivatives: neural tissue, somitic mesoderm, notochord and hindgut. According to this view, the embryonic tail is formed by the apposition of newly differentiating cells at the caudal end of the already formed anterior structures. This view was not shared by Pasteels (1937 Pasteels ( , 1943 who proposed a different conception of the tail bud which he considered to be formed by a mosaic of cellular populations already endowed with different developmental potentials. However, no clear experimental data have so far permitted to choose between these two views. Thus, Griffith ,et al. (1992) considered that Holmdahl's hypothesis, according to which the tail bud functions as a blastema, was valid for birds and mammals. On the other hand, the view that the tail bud is a preorganized structure (Pasteels, 1937 (Pasteels, , 1943 ) is favoured in the works carried out in the amphibian embryo (Bijtel, 1958; Gont et al., 1993) .
Using different experimental techniques several authors have studied the developmental potentials of the avian tail bud taken as a whole. Schoenwolf (1977) and Schoenwolf et al. (1985) have performed isotopic and isochronic transplantations of a labeled tail bud into an unlabeled host. The cellular marker was either tritiated thymidine or quail tissues grafted into chick embryos. They demonstrated that the tail bud gives rise to somitic mesoderm, vascular endothelium, neural tube and neural crest derivatives. They have never found endodermal cells nor notochordal cells originating from the donor. The same developmental potentials have also been found using in vitro culture (Griffith and Sanders, 1991) . In all these cases, the tail bud was studied in toto, according to the view that it constitutes an undifferentiated and pluripotent blastema.
In order to study the developmental potentials of the avian tail bud and the morphogenetic movements that affect this region of the body, we have applied the quailchick marker system and performed small sized grafts of selective tail bud areas. As quail cells can be distinguished from chick cells by the structure of their interphase nucleus (Le Douarin, 1969) , the quail-chick chimaera technique allows the fate of the grafted cells to be followed until completion of development thus leading to the construction of a precise fate map. We have studied the tail bud at the 25-somite stage when its caudal limit is clearly determined by a fold, and thus we were able to define the exact extent and position of the graft. We found that, caudal to the posterior limit of the neural tube and notochord, the territory designated by Pasteels as the chordo-neural hinge is of prime importance for secondary body formation. It moves in a rostro-caudal direction and gives rise to the notochord and the floor plate of the lumbo-sacro-caudal neural tube. It corresponds to what remains of Hensen's node (i.e. to the dorsal lip of the blastopore in amphibians). The laterodorsal wall of the neural tube originates from a region caudal to the chordo-neural hinge. Furthermore, the tail bud gives rise to all the mesodermal derivatives of the posterior body half. The presumptive territory of the sacral and caudal somites occupies a medio-dorsal and dorso lateral position at the 25-somite stage, meaning that the divergent movements of cells occuring during gastrulation at the lateral border of the primitive streak are not completed at this stage. These results clearly show that the avian tail bud is a heterogeneous structure similar to that of amphibians and therefore does not lit the conception of a blastema postulated by Holmdahl (1925 Holmdahl ( , 1939 . Fig. 1 . Histological aspect of the chick tail bud at the 25somite stage (Cresyl violet staining). A: On a sagittal section, the relationships between the neural tube (NT), the notcchord (NC) and the tail bud are shown. The chordo-neural hinge (CNH) is located at the point where these three structures merge. Ventrally, the tail bud is delimited by the endodermal germ layer (End). Scale bar = I00 pm. B to G: Aspect of the tail bud in transverse sections the levels of which are indicated in A with arrows. At the caudalmost level (B), the medial part of the tail bud is denser than the lateral ones but no organized structure can be distinguished. More rostrally (C, D), medial cells aggregate to form a solid cord dorsally, the so-called medullary cord (MC). More rostrally, cavitation of the medullary cord is initiated giving rise to distinct lumens (E, F). Finally, the lumens coalesce to form the central canal of the neural tube at the level G. From level E, the notochord (NC) can be distinguished ventrally to the forming neural tube. Scale bars = 100 pm. Catala et al, /Mechanisms of Development 51 (1995) 51-65 
2.Remlts
For the definition and the extension of the different types of transplantations see experimental procedures and Figs. 1 to 3. The various types of chimaeras examined are reported on Table 1 .
Grafts of region 1
Grafts limited to the dorsal part of region 1 (Fig. 38) .
Four chimaeras were constructed with chick as the host and sacrificed at embryonic day 5 (E5) and 10. In these cases, the graft produced the entire spinal cord at the level of sacral nerves 3 to 6 and the corresponding neural crest derivatives. Neural crest cells originating from the donor were found in the dorsal root ganglia (DRG) corresponding to the levels of the grafted neural tube and to the rostra1 part of the ganglia located immediately caudally to the caudal limit of the grafted neural tube. Several sympathetic ganglia were made up of donor cells with a more important caudal extension than for dorsal root ganglia. Neural crest cells from the graft produced melanocytes that colonized the host skin. Donor cells were also evidenced in various structures belonging to the autonomic nervous system: the pelvic plexus, the peri-vascular plexuses and the ganglionated nerve of Remak which is located within the mesentery and mesorectum and courses from the cloaca to the duodeno-jejunal junction. Finally, a few cells coming from the graft were found in the enteric ganglia at the level of the rectum. No mesodermal cells were observed after this type of graft. These results are in complete agreement with the works of Le Douarin and Teillet (1973) and Teillet (1978) where the neural tube was exchanged in the lumbosacral region between quail and chick embryos. Grafts of region 1 including the dorsal part of the chordo neural hinge (Fig. 3C) . We analyzed six chimaeras in this group at E5 and E8, the chick was the host in all cases. The graft produced the same derivatives as previously described. Furthermore, all the cells of the floor plate of the neural tube located caudally to these neural levels were derived from the donor cells. In contrast, the notochord was formed by host cells. Grafts of the entire region I (Fig. 3 D) . Four chimaeras, produced using the chick as the host, were sacrificed at E7. The graft gave rise to the same neural tube and neural crest derivatives as after grafting the dorsal part of region 1. Caudally to the spinal cord level corresponding to sacral nerves 3 to 6, all the cells of the floor plate, and of the notochord down to the tip of the tail were derived from the graft (Fig. 4) .
A first conclusion can be drawn from these different types of experiments: at 25-somite stage, the caudal part of the already formed neural tube gives rise to the spinal cord located at the level of sacral nerves 3 to 6. The cells forming the chordo-neural hinge produce the caudal part of the notochord and the floor plate. Our experiments show that caudal to the 6th sacral nerve, the lateral walls of the neural tube do not arise from the same transverse level as the floor plate. The next experiment shows what is their origin. Table I The different types of isotopic and isochronic transplantations that have been performed at the 25-somite stage between quail and chick embryos. 
Grafts of region 2
Entire region 2. Twelve chimaeras were performed in this group with chick as the host in ten cases. Two chimaeras were sacrificed 1 day after grafting. The graft gave rise to the caudal neural tube except for its floor plate and to somitic mesoderm located-from the 37th somite to the tip of the tail. The chimaeras studied at later stages (from E4 to ElO) revealed that the cells originating from the graft have yielded several kinds of structures. As observed in younger embryos, the lateral and dorsal parts of the caudal neural tube were derived from the donor. In contrast, the floor plate was derived from the host along the entire posterior axis of the body (Figs. 5, 6 ). At the same levels, the DRG and sympathetic ganglion cells were of donor type. Moreover, Schwann cells, most of the Remak ganglion, a few cells localized in the enteric ganglia of the large intestine, the pre-visceral ganglia of the cloaca, the pelvic plexus (Fig.  8) , the peri-vascular plexus and melanocytes were also of donor origin. In contrast to the grafts of region 1 and although the grafted territory was mediodorsal, donor cells gave rise to somitic structures: they participate in vertebral cartilage (revealed by alcian blue staining), inter-vertebral discs and dermis. Striated muscle fibers evidenced by 13F4 Mab and situated in axial muscles were also derived from the graft. Endothelial QHlpositive cells were found participating in dermal capillary sinuses, meninges and the spinal cord vessels, caudal part of the dorsal aorta, posterior cardinal veins and inter-segmental vessels (not shown). Semitic derivatives of the graft were found from the 7th sacral vertebra to the tip of the tail. At each level however, cells originating from the donor and the host were intermingled meaning that this labeled territory participates in somite formation together with a different host's territory. The most rostra1 level of the neural tube arising from the graft was located more caudally than the rostralmost level of the somitic mesoderm. The distance between these two levels corresponded to one or two somites. It has to be noted that no significant differences were seen whether the host was a chick or a quail.
Cuudal part of region 2. Five chimaeras were studied at E4 and E7. In all cases the chick was the host. The cells arising from the graft participated to the formation of somitic derivatives which were similar to those found in the grafts involving the entire region 2. Furthermore, donor cells gave rise to lateral and dorsal parts of the neural tube of the most caudal levels, corresponding to the 3rd to 8th caudal DRG (in normal chickens, the number of caudal DRG is 5 to 8 with individual variations). Neural crest derivatives (DRG, Schwann cells, melanocytes and sympathetic ganglia) coming from the donor were also found in these cases. Nevertheless, donor cells were encountered neither in Remak's ganglion nor in the pelvic plexus and enteric ganglia. The distance between the somitic and the neural rostra1 limits of participation of the graft was 5 to 7 somites long.
Grafts of region 3
Twelve chimaeras were analyzed, 10 of which were constructed with chick as the host. Two chimaeras were sacrificed 24 h after grafting. Cells originating from the graft participated in the formation of the most caudal somites (i.e. from the 37th to the tip of the tail). All these somites were mixed with cells coming from both the graft and the host (Fig. 7) . The 10 other chimaeras were studied at E7 and ElO. Donor cells gave rise to cartilage both in vertebral body and neural arch, to intervertebral discs, striated muscle fibers, dermis of the skin and feather germs, meninges and endothelial cells (evidenced by the Mab QHl). The endothelial cells of graft origin contributed to the same structures as for region 2. In all cases, cells coming from the graft were mixed with cells originating from the host at each somitic level. The contribution of the graft extended from the 7th sacral vertebra to the tip of the tail. Neither neural tube, nor neural crest cells, nor endodermal derivatives were ever derived from the graft.
Grafts of region 4
Seven chimeras were studied in this group with the chick as the host. Two of them were sacrificed 24 h after grafting. The five others were studied at E6 and ElO. In all cases, the graft gave rise to the cells forming somites 34 to 36 and their derivatives. This corresponds to the level of the 4th to 6th sacral vertebrae. Contrary to the results from regions 2 and 3, all the cells forming the somites were derived from the graft. The somites located more caudally were exclusively formed by host cells originating from regions 2 and 3 of the tail bud. Neither neural nor endodermal cells were observed originating from the graft. We have summarized the different results found after our transplantation experiments on Fig. 8. 
Discussion
We have performed isotopic and isochronic grafts of defined regions of the avian tail bud, at the 25-somite stage, from quail to chick embryo and vice-versa. The results were similar whatever the host species, indicating the reliability of such a technique to construct a fate map of the tail bud at this stage. As previously found by Schoenwolf (1977) who performed grafts of the entire chick tail bud labeled with tritiated thymidine at Hamburger-Hamilton (1951) stages 13 to 15 (HH 13 to 15) we did not observe endodermal cells originating from the grafts. In fact, our transplants did not involve the endodermal layer underlying the tail bud ventrally as can be seen in Fig. 1 . Therefore, our results do not support either the assumption of Gajovic et al. (1989 Gajovic et al. ( , 1993 and Kostovic-Knezevic et al. (1991) . These authors, working on the rat embryo, proposed that the tail bud contains common precursors for notochordal and endodermal cells. Endodermal cells in fact originate from the epiblast located at the level of the Hensen's node at earlier stages (Vakaet, 1962; Nicolet, 1965 Nicolet, , 1967 Nicolet, , 1970 Rosenquist, 1966 Rosenquist, , 1971 Rosenquist, , 1972 . As previously shown by several authors (Nicolet, 1967 (Nicolet, , 1970 Fontaine and Le Douarin, 1977; Selleck and Stern, 1991) , the potentiality of the epiblast to give rise to endodermal cells is exhausted after HH4 stage. Therefore, at the stage considered in this work, the endoderm is already segregated as a germ layer in the tail bud.
The tail bud is a preorganized structure
The initial question raised in this study was to know whether the tail bud can be considered as a blastema (as believed by Holmdahl, 1925 , 1939 and Griffith et al., 1992 or whether it is regionalized in defined areas endowed with different fates (as postulated by Pasteels, Fig. 10 . Morphogenetic movements affecting the tail bud after the 25 somite stage. The paraxial mesoderm located in region 4 is added to the already formed segmental plate allowing the body growth by an accretion mechanism (arrows A). The axial structures, notochord and neural tube, undergo an elongation allowing their growth in a rostrocaudal direction (arrow B). In contrast, somitic precursors undergo a lateral divergence (arrows C).
1937). The answer to this question is clearcut: the tail bud of the avian embryo as it stands during the third day of incubation is a heterogeneous structure in which different territories with definite and distinct fates are already segregated and whose regionalisation reveals interesting developmental features.
Our results allow us to precisely localize the territories which yield the notochord and floor plate during secondary body formation. They are located in the rostroventral part of the tail bud and correspond to the region designated by Pasteels (1937) as the chordo-neural hinge.
The different types of grafts involving region 1 show that notochordal growth, at this stage, is exclusively due to the expansion of a pre-existing cell population. One can thus exclude that formation of the notochord in the posterior part of the body results from the addition of cells at its caudal end by a mechanism of accretion. It seems, in contrast, that it proceeds by elongation of the 'caudal tip' of the pre-existing 'anterior' notochord. A similar conclusion was drawn for the amphibian embryo where the notochord is produced by invagination of cells from the marginal zone (Vogt, 1929; Pasteels, 1942; Keller, 1976) . This primary process however ends at stage 13 (Nieuwkoop and Farber, 1967) after which the notochord is produced by elongation of the chordoneural hinge. This was elegantly demonstrated by Gont et al. (1993) by associating molecular markers and cell tracers. Thus, the gene Xnot2 which is initially expressed in the dorsal lip of the blastopore is later activated in the chordo-neural hinge and marks the notochord and the ventral part of the neural tube.
In our experiments involving the graft of region 1, not only was the posterior notochord labeled but so also was the floor plate of the neural tube. This shows therefore that in the lumbo-sacral and caudal part of the body the precursors of notochordal and floor plate cells are intimately associated in the chordo-neural hinge i.e. the anterior part of the tail bud. It is interesting to underline that notochord and floor plate later on share several molecular characteristics such as expression of forkhead genes (Sasaki and Hogan, 1993) , production of the Sonic Hedgehog protein (Echelard et al., 1993) and similar inductive capacities (Yamada et al., 1991) .
These findings stress the point that, at a given level of the spinal cord in the lumbo-sacro-caudal part of the body, the ventro-medial cells of the neural tube and the cells forming its lateral wall have a different transversal origin in the epiblast. This could be expected in view of the fate maps of the epiblast established at the primitive streak stage, where the presumptive territory of the neurectoderm has a crescent shape, the median point of its concave border being occupied by Hensen's node with a lateral extension of about 500 km caudal to the node (Pasteels, 1937; Rudnick, 1944; Sprat& 1952; Rosenquist, 1966; Garcia-Martinez et al., 1993) .
The posterior neural crest
Among the observations issued from these experiments, we have precisely defined the limits of the potentiality of the secondary neural tube to give rise to neural crest derivatives. Schoenwolf et al. (1985) using isotopic and isochronic transplantations of quail tail bud into chick embryos found that neural crest cells were generated and called them secondary neural crest cells, to distinguish them from those produced entirely from the joining neural folds. Donor cells participated in the formation of DRG and glial cells of the peripheral nervous system. We show here that secondary neural crest cells yield the same types of derivatives as do the truncal crest, i.e. DRG, sympathetic and previsceral ganglia, glial cells and melanocytes as previously shown by Le Douarin and Teillet (1973) who performed quail-chick neural transplants along the whole neural axis. Furthermore, like Le Douarin and Teillet (1973) and Teillet (1978) , we have observed a participation of these cells in the formation of the pelvic plexus, the nerve of Remak and the enteric ganglia of the large intestine. According to these authors, the nerve of Remak is formed by the neural crest cells produced by the neural tube located caudally to the 28th somite (Le Douarin and Teillet, 1973; Teillet, 1978) . The present experiments provide a more precise localization of the origin of the neural crest cells that give rise to the pelvic plexus and the nerve of Remak: they are derived from region 1 and from the more rostra1 half but not the caudal part of region 2. This corresponds precisely to the levels of the 33rd to the 39th pairs of somites. This is in agreement with the results of extirpartion experiments performed by Yntema and Hammond (1955) who could estimate that cells giving rise to the nerve of Remak were located at the levels of the 34th to the 38th pairs of somites. Furthermore, we have confirmed that the sacral neural crest cells provide a minor contribution to the formation of enteric ganglia of the large intestine as described by Le Douarin and Teillet (1973) and Teillet (1978) . The precise contribution of the posterior neural crest to the peripheral nervous system (PNS) is indicated in Fig. 9 . Pomeranz et al. (1991) and Serbedzija et al. (1991) , using different types of marking techniques, observed a higher contribution of the sacral neural crest to the formation of the enteric ganglia of the post-umbilical level. Nevertheless, the vital labelling provided by DiI did not allow a precise discrimination of neural crest versus the other germ layer cell fate since endodermal and mesodermal cells of the caudal part of the gut as well as neural cells were labelled in these experiments (Pomeranz et al., 1991; Serbedzija et al., 1991) .
Morphogenetic movements and duality in the formation of the vertebrate body
Another result that emerged from the present experiments was that regions 2 and 3 which are mediodorsally located do not contribute to axial but to paraxial mesodermal structures since they generate the somites of the sacral and caudal regions of the body. The cells entering in the constitution of regions 2 and 3 have therefore to diverge from the midline area, where they lie at this stage, to later form the paraxial segmental plate mesoderm. This divergence results from the continuation of the gastrulation movements that affect the cells invaginating through the lateral edges of the primitive streak.
It is extremely striking to see that, according to Gont et al. (1993) , cells forming the tip of the tail bud (i.e. the posterior wall of the neurenteric canal) of the Xenopus embryo at stage 23-28 (Nieuwkoop and Farber, 1967) , which express the Xenopus Brachyury gene (X&u), are fated to form the tail somites and result from the invagination of cells of the marginal zone through the lateral blastoporal lip, the equivalent of the amniote lateral edges of the primitive streak. This points to a considerable developmental homogeneity in the whole vertebrate phylum.
We could localize a ventral and rostra1 domain giving rise to the notochord and floor plate, a dorsal and rostra1 domain producing the lateral walls of the neural tube and a caudal domain giving rise to the caudal somitic mesoderm. However, in region 2, mesodermal and neural potentialities coexist. It is likely that the neural fated cells are located dorsally whereas the presumptive somitic cells are more ventral (see Fig. 1C ). Selective grafts of the dorsal and ventral areas of region 2 should be performed to document this point.
The grafts involving regions 2, 3 and 4 allowed us to study the morphogenetic movements leading to the formation of the caudal somites. Cells originating from the medial caudal part of the tail bud, namely regions 2 and 3, diverge laterally and add caudally to the already formed mesoderm (region 4). Cells coming from region 2 and 3 intermingle during morphogenesis and give rise to all kinds of somitic derivatives: cartilaginous, dermal, endothelial, muscular and meningeal cells. When region 2 was grafted, the rostra1 contribution of the graft was located more rostrally for the somites than for the neural tube. This longitudinal displacement between the two rostra1 limits was more important if the graft involved more caudal levels. Such a result has already been noted by Seichert and Jelinek (1968) and by Schoenwolf (1977) . It can be explained by an axial elongation of the neural tube taking place at the dorsal and rostra1 part of the medial tail bud, a phenomenon also observed in the rostra1 region of the body (Le Douarin, 1964) . We can summarize the results of our grafts by showing the different types of movements that affect the tail bud during its development as represented in Fig. 10 . Axial structures undergo an axial elongation thus growing from rostra1 to caudal, this movement explaining the growth of the embryonic tail. In contrast, the putative mesoderm of the future somites migrate laterally and add caudally to the already formed segmental plate. Experiments carried out in the mouse embryo showed that these morphogenetic movements of the mesoderm in the posterior region of the body requires the product of the Brachyury gene (Rashbass et al., 1991; Beddington et al., 1992; Wilson et al., 1993) .
In conclusion, the development of the vertebrate body proceeds, in several respects, differently in the regions anterior and posterior to the level of the 1st lumbar vertebra (27th somite in the avian embryo). Cranially to the posterior neuropore, the neural tube closes by apposition and fusion of the neural folds. The neural tube grows faster according to a caudocranial vector than the mesodermal tissues (see Le Douarin, 1964) and this accounts for the anterior curvature of the body. Caudally to the posterior neuropore, the neural anlage does not appear as a neural plate but forms by mesenchymal to epithelial transition within the initially unorganized mass of cells forming the tail bud. The neural anlage is there in close relationship with the notochord (see Fig.  1B and C) . Formation of the neural tube proceeds by cavitation of the initially compact cord of cells resulting from the process of secondary neurulation. The experiments described above show that differential growth between the neural tube and the paraxial mesoderm also exists in the posterior body half. However, growth of the neural tube proceeds here along a craniocaudal vector, which also accounts for the curvature of the body directed cranially.
It is interesting to notice that formation of the digestive tract also proceeds according to two different directions in these two parts of the body. In the rostra1 part, the anterior intestinal portal moves from cranial to caudal (in a reverse direction to that of the dorsal axial structures). In contrast, the hindgut is formed by the progression of the posterior intestinal portal from caudal to cranial. This duality in the formation of the vertebrate body is also manifested by the fact that certain genes control the morphogenesis of the posterior body part without apparently interfering with that of its anterior part. Such is the case for the Brachyury gene whose mutation affects the trunk from somite 7 to the tip of the tail (Rashbass et al., 1991; Beddington et al., 1992; Wilson et al., 1993) and for the Wnt3a gene whose mutation selectively affects the formation of tail structures (Takada et al., 1994) .
Experimental procedures
Quail (Coturnix coturnix juponicu) and chick (Gallus domesticus) embryos were from a commercial source. Eggs were incubated at 38°C in a humidified atmosphere. Embryos were staged either according to the number of somites formed or according to Zacchei's (Z) (1961) and Hamburger and Hamilton's (HH) (195 1) developmental tables for quail and chick, respectively. of Development 51 (1995) [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] 
Microsurgical production of chimaeras
Isotopic and isochronic reciprocal exchanges of precisely defined regions of the tail bud were performed between chick and quail embryos at the 25somite stage which corresponds to 50-55 h of development. After washing the shell with 70% ethanol, 0.5 ml of albumen were withdrawn. Then, the upper part of the shell was opened to gain access to the embryo. A mixture of Tyrode solution and India ink was injected beneath the embryonic area to allow its visualization. The vitelline membrane was removed using a microscapel, and Tyrode solution was added to prevent embryonic dehydration. The region to be grafted was precisely delimited both in the donor and the host, and then removed in the host and replaced by its donor counterpart. The chimaera was re-incubated for a variable time.
Types of grafts
The tail bud, at 25-somite stage (HH, stage 16, Z, stage 13), merges caudally to the already formed neural tube and shows a dense medial region allowing it to be separated into one medial and two lateral areas. The width of the medial part of the tail bud thickens progressively in its more caudal part which is delineated by an ectodermal fold at this stage. Histologically (Fig. l) , the medullary cord extends caudally from the primary neural tube. In the overlapping zone between these two structures, the neural tube is dorsal and the medullary cord is ventral. The notochord lies ventrally to the medullary cord, its caudal limit is situated more rostrally than the rostra1 limit of the tail bud. The tip of the already formed notochord is closely attached to the ventral medullary cord forming the chordo-neural hinge (CNH) (Pasteels, 1937) . This region is located at the caudalmost part of the already formed notochord. At this level, the tissue forming the chordo-neural hinge merges with the ventral neural tube and the lateral paraxial mesoderm.
For our experiments, we have subdivided the tail bud into 4 regions (Fig. 2) ; 3 were median and 1 lateral:
l Region 1, medial and rostral, corresponded to the last formed segment of neural tube and the ventral junctional zone with the medullary cord. This junction comprised the caudal notochord and the CNH. This region is laterally delineated by the limits of the neural tube. The caudal limit of region 1 corresponds to the caudal limit of the chordo-neural hinge. l Region 2, also medial, is rostrally limited by the caudal limit of region 1. Longitudinally, it includes the rostra1 two-thirds of the tail bud apparent on a dorsal view. This region comprises only the medial tissue of greatest density. l Region 3, medial, corresponds to the caudal third of the tail bud limited rostrally by the caudal limit of region 2 and caudally by the posterior ectodermal fold delimiting the tail bud. In these cases too, the lateral limit corresponds to that of the zone of greatest density. l Region 4 is located laterally to the medial part of tail bud in the zone of lesser density, and corresponds to the caudalmost level of the presumptive segmental plate.
In region 1, three types of grafts were performed. First, we dissected and removed the caudal part of the neural tube allowing the visualization of the notochord and of the CNH. The first type of grafts consisted in the replacement of the sole neural tube (corresponding to dorsal region 1). A second series of grafts was produced by replacing both the neural tube and the dorsal part of the CNH. Finally, we performed grafts that involved the entire region 1 (Fig. 3) .
In region 2, we have performed two types of grafts. The first involved the entire region 2, the second corresponded to a graft restricted to the caudal third of this region.
For regions 3 and 4, only one type of experiment was performed in which the entire region was grafted.
In all our experiments, the endodermal layer underlying the tail bud ventrally was not included in the transplants.
Histological analysis
For the identification of the quail and chick nuclei, chimaeras were fixed in Carnoy's solution, embedded in paraffin, cut in 5 pm serial sections and stained according to the Feulgen-Rossenbeck's procedure (Feulgen and Rossenbeck, 1924) . To characterize muscle fibers, some sections, after Feulgen-Rossenbeck staining, were incubated with the monoclonal antibody (Mab) 13F4 (Rong et al., 1987) for 1 h at room temperature. They were washed in PBS and incubated with a second fluorescent specific antibody for 1 h at room temperature. Finally, some sections were treated with alcian blue to selectively stain the extra-cellular matrix of cartilage.
To study the endothelial lineage arising from quail grafts, the chimaeras were fixed in Bouin's solution for 2-3 h. The tissues were dehydrated and embedded in paraffin. Five pm sections were rehydrated and the Mab QHl (Pardanaud et al., 1987) was used overnight at 4°C in a humid chamber. Mab QHl has the same specificity as the MB1 Mab (Peault et al., 1983) which recognizes an antigenic determinant carried by all white blood cells and endothelial cells of the quail at the exclusion of any chick cells. The next morning, an anti-mouse IgG coupled to horseradish peroxidase was applied for 2 h at room temperature. Peroxidase activity was revealed by diaminobenzidine tetrahydrochloride.
Sections were stained by glychemalun.
